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Introduction
Microbial survey studies (i.e. microbiome survey analysis) use alpha and beta diversity indices to estimate within and between sample diversity. Alpha diversity is the diversity in a single sample site (e.g. human gut) and beta diversity describes the difference in diversity between those sites 1 (e.g. different regions of the body). With a variety of alpha and beta diversity indices available, it can be difficult to determine which index to choose.
Previously developed user-friendly HTML web applications such as Microbiome Analyst 2 and Dynamic Assessment of Microbial Ecology (DAME) 3 allow users to visualize alpha and beta diversity. However, these tools do not address and explore how the different alpha and beta diversity indices impact their results. In this regard, we've developed an interactive user-friendly application that utilizes real data to dynamically visualize different alpha or beta diversity indices ( Figure 1) . The user is able to see how the distribution, normalization, and datasets alter the resulting diversity indices. Ultimately, this leads to an intuitive understanding of how these different diversity indices affect the data. The majority of the tool's development was undertaken as part of the hackseq genomics hackathon in Vancouver, BC.
Methods

Implementation
ShinyDiversity is an interactive HTML web application that utilizes the shiny (version 1.5.5.872) R package 4 . The application allows users to interactively visualize both alpha and beta diversity of multiple datasets. All diversity plots are generated using the phyloseq (version 1.16.2) R package which conveniently allows for phylogenetic analysis and visualization of microbial communities and provides 44 supported distance methods 5 . The underlying data used for calculations is an operational taxonomic unit (OTU) abundance table. An OTU abundance table is a matrix where the rows represent the various taxa and the columns are different samples. The table values are the counts of how often those taxa are observed. 
Operation
System requirements are computers that can successfully install Bioconductor (Release 3.6) and R (≥ 3.4.0).
Data
Our application utilizes two built-in datasets from phyloseq (version 1.16.2): GlobalPatterns and esophagus. GlobalPatterns is a dataset composed of nine different sample types obtained from areas ranging from freshwater to the human gut 6 . The esophagus dataset is a small example dataset of three samples of a human esophageal community, with one sample from each of the three subjects 7 . In addition to these two datasets, we created a third dataset GP3, which is a subset of the GlobalPatterns dataset. The following R code generates this dataset. library(phyloseq) data("GlobalPatterns") GP3 <-subset_samples(GlobalPatterns, SampleType %in% c("Skin", "Tongue", "Feces")) GP3 only includes human feces, skin, and tongue samples and was created for easier visualization of multiple sample groups.
Use cases Alpha diversity
The alpha diversity page ( Figure 2 Lastly, the alpha diversity page also shows the singleton and doubleton count for each sample (Figure 4) . Some of the alpha diversity indices are sensitive to singletons and doubletons, which are OTUs that appear in the data only once or twice, respectively. These rare OTUs may suggest undersampling and hence a higher, true abundance in the population 8 . If a OTU is found more than two times then we can be more confident that it is not a false positive.
Beta diversity
Currently, the beta diversity page ( Figure 5 and Figure 6 ) allows users to dynamically visualize and compare two groups of the most common beta diversity indices: 1) non-phylogenetic distance indices -Euclidean, Bray-Curtis, Jaccard and 2) phylogenetic distance indices -unweighted UniFrac and weighted UniFrac. All distance indices were visualized with principal coordinate analysis (PCoA) plots, which have two principal coordinates that explain the greatest distance between samples. The dataset used to visualize beta diversity is the GP3 normalized dataset. The dataset is normalized by rarefying, a resampling method 9 , to the sample with the smallest library size (N = 100,187). Users have the option to rarefy the samples to any library size below 100,187. This option allows users to visualize how rarefying affects beta diversity. 
Conclusions and future work
Ecologists have spent decades developing these diversity indices, each having their own assumptions and use cases. Current software tools make it easy to calculate many of these indices without making the strengths and weaknesses of each clear. ShinyDiversity facilitates an exploration and understanding of alpha and beta diversity indices on microbiome data. This understanding is developed by enabling users to compare and contrast the visual differences in the plotted indices on their data.
Our software is the first step in making these indices more understandable. Future work includes allowing users to input an abundance table for both the genus and OTU taxa level, use other normalization techniques (i.e. scaling), and select the degree of sparsity and dispersion. Additionally, we plan to include more diversity indices and options for users to change the distribution of selected samples. This will enable users to observe how each diversity index is influenced by sample distribution, providing a deeper understanding of diversity indices. 
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